The anti-inflammatory as well as the chemical constitution of the air dried powdered Ageratum conyzoides leaves have been evaluated. Crude extract and different successive extracts showed significant (P< 0.05) antiinflammatory activities against carrageenan induced edema. Moreover, crude and ethyl acetate extracts exhibited better anti-inflammatory activity against interleukin-6 than the other extracts. Quantitative and qualitative estimations of the total flavonoid, steroidal, triterpenoidal, protein and carbohydrate contents of the crude extract have been carried out. The mucilage of crude extract was isolated, identified by using HPLC and evaluated for its anti-inflammatory activity. The free and glycosidal flavonoids of ethyl acetate extract have been isolated such as kaempferol, quercetin-3-O-rhamnopyranoside, quercetin-3,7-diglucopyranoside and phydroxybenzoic acid. The isolated flavonoidal fractions and compounds have been evaluated for their antiinflammatory activity. The glycosidal flavonoid fractions proved to have greater anti-inflammatory effect than the isolated compounds.
Introduction
Ageratum conyzoides L. (Family: Asteraceae) is widely utilized in traditional medicine by various cultures worldwide, although applications vary by region (Kamboj and Saluja, 2008) . Ageratum conyzoides contains many bioactive compounds including flavonoids, alkaloids, coumarins, essential oil, tannins, chromenes, benzofurans and terpenoids (Kamboj and Saluja, 2008) . Many different compounds have been isolated and identified in A. conyzoides; such as kaempferol and its glycoside; quercetin, scutellarein, eupalestin, chromene, stigmas-7-en-3-ol, β-sitosterol, stigmasterol, fumaric acid, caffeic acid, saponin, pyrrolizidinic alkaloids, essential oil, ageratochromene derivatives, coumarin and alkane (Nyunaї et al, 2010) . Furthermore, Ageconyfavones A, B, and C; hexamethoxyflavone; three coumarinic compounds, including 1-2 benzopirone; 1,2-desifropirrolizidinic and licopsamine were isolated and identified in Ageratum conyzoides (Kamboj and Saluja, 2008; Ladeira et al. 1987) .
Several investigators have studied the anti-inflammatory activity of A. conyzoides (Magalhães et al 1997; Viana et al 1998; Galati et al 2001; Moura et al 2005) . Moura et al (2005) reported the anti-inflammatory activity of A. conyzoides leaves with no hepatotoxicity. The plant also has been known to possess woundhealing (Arulprakash et al., 2012) , bactericidal, fungicidal (Kasali et al, 2002) , analgesic and antipyretic activities (Okunade 2002) .
Inflammatory diseases are a major cause of morbidity of working force throughout world. The herbal medicines are gaining importance in the treatment of inflammation because of the toxic effect of the synthetic drugs used for treatment of inflammation (Jawaid et al, 2011) .
On the basis of the common use of Ageratum conyzoides in traditional folk medicine, our aim in the present study was to evaluate the anti-inflammatory activity of the crude extract, successive extracts, fractions and certain isolated compounds from A. conyzoides leaves.
Materials And Methods

Plant material:
Fresh leaves of Ageratum conyzoides L. were collected from Orman Botanical Garden, Giza, Egypt during the flowering stage from September to November 2006, then dried in shade and stored. The plant was kindly authenticated by Mrs. Tereez Labib; Consultant of Plant Taxonomy at the Ministry of Agriculture. A voucher specimen has been deposited in the Herbarium of Orman Botanical Garden (Sp no. 000182c).
One Kilogram of the air dried powdered leaves of A. conyzoides was extracted by maceration in successive portions of 70% ethyl alcohol (Doummar & Sons Co., Syria) at room temperature, then filtered. The extract was dried under vacuum rotary at 40 °C and kept for evaluation of its anti-inflammatory activity. Furthermore, five hundred grams of A. conyzoides leaves, were successively extracted in the Soxhlet apparatus using petroleum ether (60-80 °C) (SDFCL, India), diethyl ether (SDFCL, India), chloroform (RFCL, India), ethyl acetate (SDFCL, India) and methanol (Fisher Scientific, UK), respectively. The solvents were evaporated under vacuum and kept for anti-inflammatory evaluation.
The crude extract as well as successive extracts were subjected to phytochemical screening as mentioned by Awad et al. (2001) .
Evaluation of chemical composition of the crude extract of A. conyzoides leaves:
Quantitative estimation of the total steroidal, triterpenoidal and flavonoidal contents of the crude extract has been performed according to Swift (1984) and Chang et al (2002) , respectively.
Moreover, quantitative and qualitative determination of the protein content of the crude extract was carried out by micro Kjeldahl method using Markham distillation apparatus (James 1995) and as described by Weidner and Eggum (1966) , respectively. The analysis of amino acids was accomplished in Central Service Unit, National Research Centre, Egypt using LC 3000 amino-acid analyzer (Eppendorf-Biotronik, Germany).
On the other hand, total carbohydrate content of the crude extract was quantitatively estimated as glucose using phenol-sulphuric acid method (Dubois et al., 1956 ) and qualitatively determined using PC and HPLC analyses (Awad et al. 2009 ). The mucilage was isolated by dissolving fifty grams of the crude extract in acidified water (pH= 4) using concentrated hydrochloric acid and precipitated by adding four volumes of absolute ethanol, then separated by centrifugation at 3000 rpm for 10 min and washed with ethanol followed by acetone, then dried in desiccator over anhydrous calcium chloride. The hydrolysate was obtained after hydrolysis of mucilage with 4 N HCl for 20 hours in a boiling water bath and subjected for PC and HPLC analyses. For paper chromatography analysis, descending technique was utilized on Whatman No.1 sheets alongside with the reference sugars using n-Butanol: Acetic acid: H 2 O (4: 1: 5, v/v) as developing system and the chromatogram was visualized by spraying with aniline hydrogen phthalate reagent, then heated at 105 °C for 5 min. Further, ten mg of the isolated hydrolysate as well as individual authentic reference sugars were separately homogenized with acetonitrile/water (76/24 v/v) and filtered through micropore filter (0.45 μm) and subsequently was applied for HPLC analysis. The HPLC analysis was carried out using a model HPLC, Shimadzu Class-VPV 10 AVP equipped with refractive index detector, LC-16 ADVP binary pump, Dcou14A degasser and Shodex PL Hi-Plex Pb column (Sc 1011 No. H706081), Guard column Sc-Lc Shodex, heater set at 80 °C, flow rate of 0.8 ml/min and mobile phase was deionised water.
Phytochemical study of ethyl acetate extract of Ageratum conyzoides L. leaves:
Total flavonoidal content of ethyl acetate extract has been determined as rutin using aluminium chloride colorimetric technique according to Chang et al. (2002) . Furthermore, the flavonoids of ethyl acetate extract were fractionated into aglycones, O-glycosides and more polar glycoside fractions by suspending in distilled water and partitioning, successively, with dichloromethane, ethyl acetate and n-butanol and dried over anhydrous sodium sulfate, then solvents were distilled off under reduced pressure and kept for evaluation of their anti-inflammatory activity (Liu et al., 1989) .
On the other hand, the ethyl acetate extract was subjected to two dimensional paper chromatography technique applying (Whatman No. 1) to investigate the flavonoidal contents using two different solvent systems S1 : Butanol: Acetic acid :Water, 4: 2: 1(v/v/v) and S2: Acetic Acid : Water, 15: 85 (v/v) .
For isolation of flavoniodal compounds, three grams of the ethyl acetate extract of A. conyzoides leaves were chromatographed on paper chromatography (Whatman No. 3MM) using S1 and S2 as developing systems. The chromatograms were dried and visualized after exposure to ammonia vapor and / or spraying with aluminum chloride. Similar bands were collected and eluted with ethyl acetate. Further purification was performed on Sephadex LH-20 column (25×1.3 cm) and eluted with a mixture of solvents, water and methanol .
UV spectrophotometric absorption spectra of the purified compounds were recorded on UV-Visible Spectrophotometer (UV-VIS double beam UVD-3500 spectrophotometer, Labomed, Inc.) with a diluted solution in methanol and shifts in UV absorption were determined using different shift reagents: NaOMe (2.5 gm/ 100 ml methanol), NaOAc (anhydrous powder)/H 3 BO 3 (anhydrous powder) and AlCl 3 (5 gm/ 100 ml methanol)/ HCl (conc.) reagents. The NMR measurements were carried out on JEOL EX-500 spectrometer (500 MHz for 1 HNMR) and (125 MHz for 13 CNMR). Complete acid hydrolysis of glycosidal flavonoids was done by reflux with 2N HCl in aqueous methanol (1: 1) for 2 hours at 100 ºC. The obtained hydrolysate was extracted with ethyl acetate, dried over anhydrous sodium sulphate and concentrated under vacuum, then subjected to (CoPC) using authentic flavonoids as reference markers. Whilst, the aqueous layer was subjected to (CoPC) using authentic sugars as reference markers.
Bioactivity Studies: Animals and treatments:
Adult male rats (100-120 g) and Swiss albino mice (25-30 g) were provided by the Animal House of the National Research Center, Dokki, Egypt and housed in a temperature-controlled environment (26-29 °C) with a fixed light/dark cycle for two weeks as an adaptation period to acclimatize under normal combination with free access to standard pellet diet [vitamin mixture (1%), mineral mixture (4%), corn oil (10%), sucrose (20%), cellulose (0.2%), casein 95% (10.5%) and starch (54.3%)] and tap water under the same hygienic conditions.
The LD 50 of the crude extract of Ageratum conyzoides L. was up to 5 g/kg body weight (b.w.) (Diallo et al., 2010) . The dose used for topical edema of the mouse ear test and rat paw edema test were 5 mg/ear (Okoli et al, 2005) and 250 mg/kg b.w. Moura et al. (2005) of extracts, respectively.
In this study, the dose of different fractions was calculated as follows: Dose = (yield % of fraction) x dose of extract /100. Furthermore, the doses 0.5 mg/ear (Okoli et al, 2005) and 10 mg/kg b.w. (Akindele and Adeyemi, 2007) of indomethacin as nonsteroidal anti-inflammatory reference drug were used for topical edema of the mouse ear test and rat paws edema test, respectively.
Ethics:
Anesthetic procedures and handling with animals were complied with the ethical guidelines of the Medical Ethical Committee of the National Research Centre in Egypt and performed for being sure that the animals do not suffer at any stage of the experiment.
Experimental protocol of anti-inflammatory activity: i-Topical edema of the mouse ear:
The anti-inflammatory activity of the extract and fractions was assessed on topical acute edema according to Okoli et al., 2005 . For induced ear edema, xylene (0.05 ml) was applied on the posterior surface of both ears of Swiss albino mice. Each tested sample (5 mg/ear) was applied separately on the anterior surface of the right ear and an equivalent volume of the vehicle (3% v/v Tween 80) was applied on the anterior surface of the left ear which served as control.
After three hours of xylene application, mice were sacrificed and both ears removed. Circular discs were punched out of the ear lobes using a cork borer (6 mm diameter) and weighed. The difference in the weight of the discs from the right treated and left control ears was calculated. The inhibition percentages of edema were calculated as follows:
where Et= Average of edema of the treated ears group, Ec= Average of edema of the control ears group.
ii-Rat paw edema test:
The animals were divided into eight rats in each group. One hour after oral administration of the tested samples, acute inflammation was produced by subplantar injection of 0.1 ml of 1% suspension of carrageenan in normal saline into the left hind paw of the rats. The hind foot-paw thickness (cm) was measured by micrometer caliber at 1, 2, 3 and 4hrs after carrageenan injection. Control animals received equivalent volume of vehicle (3% v/v Tween 80). Carrageenan caused visible redness and pronounced swelling that was welldeveloped by 4 hrs and persisted for long time (Winter et. al., 1962) .
The percentage of inhibition of edema was calculated for each extract as follows: Inhibition (%) = 100 (1-(a -x / b -y)) where a= mean paw thickness of treated animals after carrageenan injection x= mean paw thickness of treated animals before carrageenan injection b= mean paw thickness of control animals after carrageenan injection y= mean paw thickness of control animals before carrageenan injection
iii-Determination of interleukin-6 content:
After 4 hrs of carrageenan injection, five samples of blood were collected from each group under light anesthesia by diethyl ether according to the method of Cocchetto and Bjornsson (1983) using the orbital sinus technique (Stone, 1954) . Serum was separated by centrifugation at 4000 rpm using cooling centrifuge for 15 min and stored in refrigerator.
Interleukin-6 content was determined according to Croce (1998) . The assay employs an antibody specific for IL-6. Interleukin-6 standards, blood samples and biotinylated anti IL-6 were pipetted into the wells and IL-6 exist in blood sample is captured by the biotinylated IL-6 specific detection antibody. HRP-conjugated streptavidin (avidin-peroxidase) and TMB (3,3',5 ,5'-tetramethyl benzidine) substrate solution were pipetted to the wells, resulting in color development proportional to the amount of IL-6 bound. The stop solution (2 N H 2 SO 4 ) changes the color from blue to yellow, and the intensity of the color is measured at 450 nm.
Chemicals used:
Apigenin, quercetin, kaempferol, luteolin, gossypetin and their glycoside (Merck, Germany), -hydroxybenzoic acid (Darmstadt, Germany), Glucose, galactose, mannose, xylose, arabinose, galacturonic acid, glucuronic acid (BDH, England), aspartic acid, glutamic acid, threonine, serine, glycine, alanine, valine, isoleucine, leucine, tyrosine, phenylalanine, histidine, lysine and arginine (Merck, Germany) are used as authentic references.
Tween 80 of pure analytical grade (J. T. Baker Chemical Co., USA) was used as an emulsifier. Xylene of pure analytical grade (Labscan Asia CO., Thailand) was used for the induction of topical inflammation in mice.
Carrageenan type II (Sigma-Aldrich cheme Gmbh, Germany) was used for the induction of inflammation in rats. Indomethacin capsules (Kahira Pharmaceutical and Chemical Company, Egypt) was used as a standard anti-inflammatory drug.
Results and Discussion
Preliminary phytochemical screening and anti-inflammatory evaluation of crude and successive extracts of A. conyzoides leaves:
The crude extract of A. conyzoides leaves yielded 24.56 w/w% and the phytochemical screening showed that, it contains carbohydrates and/or glycosides, flavonoids, sterols and/or terpenoids, nitrogenous compounds, proteins and tannins. While, saponins, coumarin and anthraquinones were absent. Moreover, the dried powdered of A. conyzoides leaves subjected to the successive extraction using petroleum ether, diethyl ether, chloroform, ethyl acetate and methanol yielded 5.40, 1.8, 2.65, 9.00 and 19.24 w/w% of dried leaves, respectively. The phytochemical screening revealed the presence of sterols and / or triterpenes in petroleum ether, diethyl ether and chloroform extracts. Furthermore, ethyl acetate and methanol extracts were found to contain flavonoids.
The evaluation of anti-inflammatory activity of the crude extract as well as successive extracts of A. conyzoides L. leaves was summarized in Table 1 . The crude extract significantly inhibited the inflammation of the mice ear induced by xylene by 118.76% and rats paw edema induced by carrageenan by 103.08% and also caused decrease in the IL-6 content by 90.96% relative to indomethacin as a reference drug.
On the other hand, the successive extracts of Ageratum conyzoides L. leaves had a significant inhibition of the edema formation and significantly decreased of the interleukin-6 content. The ethyl acetate fraction was the most active fraction that inhibited rat paw edema and decreased IL-6 content relative to indomethacin by 104.21 and 94.12%, respectively, followed by methanol extract (99.10 and 72.27%), petroleum ether (98.11 and 46.38%), chloroform (98.11 and 27.38%) and diethyl ether (97.33 and 35.43%, respectively).
Investigation of chemical constituents of Ageratum conyzoides L. crude extract:
Quantitative estimation of the total flavonoidal, steroidal, triterpenoidal, protein and carbohydrate contents in the crude extract of A. conyzoides L. leaves resulted in 2.52, 1.75, 2.56, 2.91 and 1.80% w/w of dried leaves, respectively. Each value (X ± S.E) represents the mean ± standard error of eight animals in each group. a Significantly different from the control at P < 0.05 using paired t-test. b Significantly different from the control at P < 0.05 using one way ANOVA test. c Significantly different from indomethacin at P < 0.05 using one way ANOVA test.
The protein profile of the crude extract of A. conyzoides L. leaves showed the presence of seven essential amino acids (21.38%) and nine non essential amino acids (78.59%) which represent 21.38% and 78.59% of the total amino acids, respectively (Table 2) . Proline (24.31%) represented the major non-essential amino acid, while phenylalanine (8.17%) and valine (5.92%) were the major essential amino acids. The isolated mucilage was constituted 5% of the crude extract of A. conyzoides L. leaves. The mucilage composition after hydrolysis was determined by PC and HPLC analysis qualitatively and quantitatively ( Table  3 ). The PC analysis revealed the presence of galacturonic acid, galactose, glucose, fructose and arabinose. Furthermore, 85.79% of the total hydrolysate were identified by HPLC analysis. Glucose (29.32% of the total hydrolysate), fructose (21.58%) and galacturonic acid (16.90 %) appeared as major sugars.
The anti-inflammatory activity of the isolated mucilage was assessed by carrageenan-induced rat paw edema test (Table 4 ) and showed inhibition with 34.46% in rat paw edema after 4 hours and decreased the interleukin-6 to 13.38% compared to indomethacin as a reference drug.
Phytochemical study of ethyl acetate extract of Ageratum conyzoides leaves:
The anti-inflammatory study revealed that the ethyl acetate extract was the most active extract, which has been estimated quantitatively as 9.54% w/w% of dried ethyl acetate fraction relative to rutin. Further fractionation resulted in free aglycone fraction (1.14 w/w%), mono-and di-O-glycosides fraction (7.88 w/w%) and more polar glycosides fraction (0.50 w/w%). Each value (X ± S.E) represents the mean ± standard error of eight animals in each group. a Significantly different from the control negative at P < 0.05 using one way ANOVA test. b Significantly different from indomethacin at P < 0.05 using one way ANOVA test.
Chromatographic investigation of ethyl acetate extract of Ageratum conyzoides L. leaves:
Fractionation of the ethyl acetate extract using preparative paper chromatography and purification on Sephadex LH-20 column yielded flavanol aglycone (kaempferol (1)), flavanol glycosides (quercetin-3-Orhamnopyranoside (2) and quercetin-3,7-diglucopyranoside (3)) and phenolic compound (p-hydroxybenzoic acid (4)).
UV spectral data (Table 5) 1 HNMR spectrum (Table 5) showed signals similar to those of kaempferol (1) and quercetin 2 & 3. A doublet signals at δ 5.35 (H-1``) and δ1.07 (H-6``) in 1 HNMR spectrum of compound 2 and signals at δ101.86 (C-1``) and δ 17.20 (C-6``) in 13 CNMR indicated the presence of O-rhamnosyl moiety. Meanwhile, the presence of O-glucosyl moiety of compound 3 is indicated by the appearance of two signals at δ 5.9 (H-1``) and δ 5.1(H-1``) in 1 HNMR spectrum and signals at δ 102.03 (C-1``), δ 100.30 (C-1```), δ 60.67 (C-6``) and δ 60.40 (C-6```) in 13 CNMR. UV data indicated the presence of phenolic nucleus (Table 5 ). The 1 HNMR spectrum of p-hydroxybenzoic acid showed characteristic signals of phenolics and four aromatic protons which appeared as two doublets at δ 7.77 (J= 9.6 Hz) and 6.80 (J= 9.6 Hz) due to ortho-coupled protons which were assigned to H-2 & H-6 and H-3 & H-5, respectively.
The previously reported data proved that kaempferol, quercetin-3-O-rhamnopyranoside and phydroxybenzoic acid were isolated from Ageratum conyzoides leaves (Ramachadran et al., 1977; Xuan et al 2004; Han 1998) , while quercetin-3,7-diglucopyranoside was isolated from the aerial parts of Ageratum conyzoides (Gill et al, 1978) .
The O-glycosides and the more polar fractions as well as the other isolated compounds were re-evaluated for their anti-inflammatory activity using topical edema of the mouse ear and the results were recorded in Table  6 . The O-glycosides and the more polar fraction exhibited anti-inflammatory with 194.26 and 140.51%, while Kaempferol, quercetin-3-O-rhamnopyranoside and quercetin-3,7-diglucopyranoside showed anti-inflammatory activity with 126.71, 114.23 and 131.36%, respectively, compared to indomethacin as reference drug.
From Table ( 6) , it can be concluded that the glycosidal fractions proved to have greater anti-inflammatory effect than the isolated compounds, this may be due to their synergistic activity. It was reported that the ethyl acetate extract of Ageratum conyzoides L. leaves contains high concentration of the flavonoids which contributed to the antioxidant and anti-inflammatory activities of the plant (Moura et al.,2005) . Furthermore, it is mentioned that kaempherol and quercetin have antioxidant and anti-inflammatory activities due to their potent inhibition on leukotrieneB4 (LTB4) and prostaglandin E2 (PGE2) (Loke et al., 2008) . In addition, they can inhibit the inducible nitric oxide synthase (iNOS) and cyclooxygenase (COX-2) in dose dependent manner more than their glycosides (Mediavilla et al., 2007) . Finally, the anti-inflammatory activity of different medicinal plants have been attributed to their phenolic acid, flavonoid, sesquiterpene and triterpene contents. 10.50 24.90 Each value represents the mean of mice ear weight (mg) ±standard error of the number of animals in each group (n= 8). a Significantly different from the control at P < 0.05 using paired t-test. b Significantly different from indomethacin at P < 0.05 using one way ANOVA test.
Conclusion:
Ageratum conyzoides leaves have been widely studied. It is believed that a detailed information, as presented herein, on the phytoconstituent and anti-inflammatory properties of extracts, fractions and isolated compounds might provide incentive for proper evaluation of the use of A. conyzoides leaves in therapy as antiinflammatory agents. The LD 50 of the crude plant extract was 5 g/kg (Diallo et al., 2010) and ethyl acetate fraction was 5.12 g/kg (non published data), therefore the crude extract and ethyl acetate fraction were relatively safe when administered orally in rats. The glycosidal flavonoidal fractions were responsible for the antiinflammatory activity which proved to have greater anti-inflammatory effect than the isolated pure compounds.
